P/6  22/2 


AD-A096  297  AEROSPACE  CORP  EL  SEGUNDO  CA  LAB  OPERATIONS 

PRELIMINARY  RESULTS  FROM  THE  P78-2  SATELLITE. <U> 
FEB  81  J  F  FENNELL.  D  R  CROLEY  F 

UNCLASSIFIED  TR-0081 (6960-06)-6  SD-TR-81-8 


F04701-80-C-0081 

NL 


AD  A 0962  9  7 


Preliminary  Results  from  P78-2  Satellite 


J.  F.  FENNELL  and  D.  R.  GROLEY.  JR. 
Laboratory  Operations 
The  Aerospace  Corporation 
El  Segundo,  Calif.  90246 


2  February  1981 


Interim  Report 


APPROVED  FOR  PUBLIC  RELEASE; 
DISTRIBUTION  UNLIMITED 


DUG 

%  MAR  1  3  1981 


'5 


aj 

o 

ca 


UJ 


X1 


X 


Prepared  for 

SPACE  DIVISION 
AIR  FORCE  SYSTEMS  COMMAND 
Los  Angeles  Air  Force  Station 
P.O.  Box  92960,  Worldway  Postal  Center 
Los  Angeles,  Calif.  90009 


81  3  1  3  026 


This  interim  report  was  submitted  by  The  Aerospace  Corporation, 

El  Segundo,  CA  90245,  under  Contract  No.  F04701-80-C-0081  with  the  Space 


Division,  Contracts  Management  Office,  P.0.  Box  92960,  Worldway  Postal  Center, 
Los  Angeles,  CA  90009.  It  was  reviewed  and  approved  for  The  Aerospace 
Corporation  by  G.  A.  Paulikas,  Director,  Space  Sciences  Laboratory. 

Gerhard  E.  Aichinger,  was  the  project  officer  for  Mission-Oriented  Investi¬ 
gation  and  Experimentation  (MO IE)  Programs. 

This  report  has  been  reviewed  by  the  Public  Affairs  Office  (PAS)  and  is 
releasable  to  the  National  Technical  Information  Service  (NTIS).  At  NTIS,  it 
will  be  available  to  the  general  public,  including  foreign  nations. 

This  technical  report  has  been  reviewed  and  is  approved  for  publication. 
Publication  of  this  report  does  not  constitute  Air  Force  approval  of  the 
report's  findings  or  conclusions.  It  is  published  only  for  the  exchange  and 
stimulation  of  ideas. 


Gerhard  E.  Aichinger 
Project  Officer 


FOR  THE  COMMANDER 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Whan  Data  Entered) _ 

,  f  REPORT  DOCUMENTATION  PAGE  befo1eDcom?ce?SgNform 

"i  '  REPO^T'IJuMBER  |Z.  GOVT  ACCESSION  NO.  3-  RECIPI EN  T’S  CAT  ALOG  NUMBER 


It  REPORT  NUMBER 


\  /  £jSDkTR-81-8.] 

TmLETSTsubillle) 


mfio?6A97 


5.  TYPE  OF  REPORT  A  PERtOO  COVEREO 


PRELIMINARY  RESULTS  FROM  THE  P78-2  / 
SATELLITE  * _ 


|7.  AUTHORr»> 


Interim  ^  ^  / 


f/dr  TR-008 1(6  960-06) - 6 


ft)  \  J°sePh  F.  ^Fennell  MM  Donald  R.^Croley,  Jr/  F®^^l-80-C-^ty)81^  ✓ 


9.  PERFORMING  ORGANIZATION  NAME  ANO  ADDRESS 

The  Aerospace  Corporation 
El  Segundo,  Calif.  90245 


10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  «  WORK  UNIT  NUMBERS 


lit.  CONTROLLING  OFFICE  NAME  AND  ADORESS 


/rr\ 

Space  Division  (  /  2  FebjjjMMM>81  f _ 

Air  Force  Systems  Command  tjt-wuWBer  of  pages 

Los  Angeles.  Calif.  90009 _  £2 _ 

14.  MONITORING  AGENCY  NAME  6  AODRES  S(lt  dlllarent  trom  Controlling  Olllce)  15.  SECURITY  CLASS,  (ol  thla  report; 


^TJr  -WURTST^ 

29 


Unclassified 


15«.  DECLASSIFICATION/ DOWNGRADING 
SCHEDULE 


116.  DISTRIBUTION  STATEMENT  (ol  thta  Report) 


Approved  for  public  release;  distribution  unlimited 


M7.  DlST Rf BuTlON  STATEMENT  (ol  tho  abatrmct  ontarad  In  Block  20,  II  dlfforent  from  Raport) 


18.  SUPPLEMENTARY  notes 


19.  KEY  WOROS  (Continue  on  ravoraa  Bid*  If  n«ctf#iry  and  Identify  by  block  number) 

P78-2  Satellite  Electron  Spectra 

Spacecraft  Charging  Ion  Spectra 

SCATHA 

Synchronous  Orbit 

ZOA^iBSTRACT  (Continue  on  imm  elite  II  nacaaaary  «nd  Identity  by  block  number;  " 

Several  particle  instruments  and  a  pair  of  spherical  probes  on  three  meter 
booms,  built  by  The  Aerospace  Laboratories  are  in  orbit  aboard  the  P78-2 
spacecraft.  The  experiments  are  briefly  described  and  several  examples  of 
preliminary  observations  are  presented  and  discussed.  The  probe  measure¬ 
ments  have  shown  that  the  P78-2  spacecraft  frame  potential  changes  as  it 
rotates  because  the  area  of  the  illuminated  grounded  conductors  varies  as 
different  portions  of  the  spacecraft  become  sunlit.  The  probes  have  also 


00  1473 

IF*  CS*MJ  L  E  * 


UNCLASSIFIED 


C  7  ~  /i_ 


ICURITY  CLASSIFICATION  OF  THIS  FAOt  (Whon  Data  Bntarad) 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAOCQWnn  Data  SntamO 
<9.  KEY  WORDS  (Coatlnuid) 


•X^BSTRACT  (Conttnumd) 

measured  the  spacecraft  potential  during  several  onboard  accelerator 
operations.  The  particle  analyzers  have  observed  the  acceleration  of  the 
ambient  plasma  during  artificially  induced  spacecraft  charging  events.  The 
particle  experiments  have  also  measured  the  natural  environment.  One  set 
of  observations  shows  the  occurrence  of  field  aligned  ions  at  energies  of  a 
few  hundred  eV/q,  The  angular  distributions  of  these  ions  peak  near  0)  and 
180^  in  pitch  angle.  These  and  other  observations  will  be  discussed. 


UNCLASSIFIED 


SCCURITY  CLASSIFICATION  OP  TN»  PAOlfWta*  DaM  ArtwwQ 


Acknowledgements 

The  authors  wish  to  thank  the  many  people  that  helped  to  make  the  P78-2 
satellite  a  success.  These  include  the  staffs  of  The  Aerospace  Corporation  and  the  U.  S. 
Air  Force  in  the  Space  Test  Program  Offices.  Also,  we  wish  to  thank  the  design 
engineers,  technicians  and  machinists  that  are  responsible  for  making  the  SC2  experi¬ 
ments  possible.  We  especially  thank  Sam  Imamoto,  Claude  King,  Gloria  Roberts,  Don 
Katsuda  and  Mark  Gauthier.  We  also  thank  the  members  of  the  Air  Force  Satellite 
Control  Facility  team  which  made  it  possible  to  obtain  the  large  amounts  of  preliminary 
data  from  which  this  report  has  been  produced. 


1 


CONTENTS 


ACKNOWLEDGEMENTS . 

1.  INTRODUCTION . 

2.  EXPERIMENT  DESCRIPTION 

3.  RESULTS  AND  DISCUSSION 

REFERENCES . 


3 


TABLES 

1.  SC2 — Electrostatic  Analyzer  Energies . 10 

2.  Energy  Channels  for  Energetic  Proton  Detector  SC2-6 .  13 

3.  Energy  Channels  for  Energetic  Heavy  Ion  Detector .  14 

FIGURES 

1.  Relative  Positions  of  SC2  Experiments  on  Spacecraft  with 

Their  Fields  of  View . . . . .  11 

2.  SC2-1  and  SC2-2  Probe  Voltages  Relative  to  Spacecraft 

Ground  for  About  Two  Spin  Periods . . .  16 

3.  SC2  Probe  Voltages  During  an  Artificial  Charging  Event .  19 

4.  Electron  and  Ion  Energy  Flux  Spectra  as  Measured  at  SC2 

Probes  and  on  Spacecraft  (SC2  probes  are  biased  +460  volts 

relative  to  spacecraft  ground) .  22 

5.  Electron  and  Ion  Energy  Flux  Spectra  as  Measured  at  SC2 

Probes  and  on  Spacecraft  (SC2  probes  are  biased  to  -430  volts 
relative  to  spacecraft  ground) .  23 

6a.  Electron  and  Ion  Energy  Flux  Spectra  at  Spacecraft  Both 

Before  and  During  an  Artificial  Charging  Event .  25 

6b.  Electron  and  Ion  Energy  Flux  Data  from  SC2-3  and  SC2-6 
Instruments  in  Spectrogram  Format  During  an  Artificial 
Charging  Event  on  16  February  1979 .  26 

7.  Electron  Energy  Flux  Spectrum  at  SC2-1  Probe  and  at 

Spacecraft  During  an  Artificial  Charging  Event .  27 

8.  Angular  Distributions  of  Ions  with  Energies  from  360 

to  14000  ev . . .  29 


5 


Introduction 


The  P78-2  satellite  was  launched  on  ^30  January  1979  by  Air  Force  Space  Test 
Program.  The  satellite  was  inserted  into  its  final  orbit  on  2  February.  The  final  orbit 
has  an  apogee  of  about  43200  km  (L  ~  7.8  Re),  perigee  of  ~  27500  km  (L  ~  5.3  Rg)  and  an 
inclination  of  ~  7.8  deg.  The  apogee  and  perigee  points  are  near  the  geographic  equator. 
The  orbit  has  a  period  of  ~  23.6  hrs  and  thus  the  mean  position  of  the  satellite  drifts 
eastward  at  ~  5.4°  per  day.  On  5  February  apogee  was  at  ~  190°  east  longitude. 

The  spacecraft  is  spin  stabilized  (spin  rate  ~  1  rpm)  with  the  spin  axis  in  the  orbit 
plane  and  maintained  approximately  perpendicular  to  the  satellite-sun  line.  This  allows 
those  experiments  which  have  view  axes  that  are  perpendicular  to  the  spin  axis  to  scan  a 
large  range  of  angles  relative  to  the  magnetic  field.  It  also  allows  many  experiments  on 
the  end  of  the  spacecraft  to  be  in  shadow  (or  sunlight)  for  extended  periods  and  for 
others  to  rotate  through  the  spacecraft  shadow. 

The  data  obtained  through  February  contains  many  ambient  magnetospheric 
observations  and  several  sets  of  measurements  taken  during  active  experiments  when  the 
on  board  ion  accelerator  was  used  to  induce  a  charge  on  the  spacecraft.  To  date  only 
"quick  look"  listings,  made  at  the  satellite  control  center,  are  generally  available  for 
analysis.  These  listings  cover  only  limited  time  periods  and  do  not  contain  the  full 
instrumental  outputs  so  that  the  data  presented  below  is  not  complete. 

A  description  of  the  satellite  and  the  complete  instrument  compliment  is 
available  (Stevens  and  Vampola,  1978)  and  should  be  referred  to  for  such  details. 


Experiment  Description 

The  SC2  experiment  consists  of  electrostatic  analyzers  mounted  on  the  spacecraft 
(SC 2-3 E)  in  the  conducting  center  band  and  in  the  spherical  probes  (SC2-1  and  SC2-2)  at 
three  meters  from  the  spacecraft  (ref.  Stevens  and  Vampola,  1978)  plus  an  energetic 
proton  telescope  (SC2-6)  and  an  energetic  heavy  ion  telescope  (SC2-3B)  which  are  also  in 
the  center  band  (see  Figure  1).  The  view  directions  of  all  the  particle  experiments  are 
perpendicular  to  the  spin  axis  and  approximately  parallel  to  each  other. 

The  electrostatic  analyzers  measure  electrons  and  ions  in  the  energy  per  charge 
range  of  ~  5  to  186000  ev/q  as  shown  in  Table  1.  A  complete  spectrum  is  normally 
obtained  every  three  seconds.  The  programs  can  be  interlaced  or  run  separately  to  trade 
off  angular  resolution  for  a  detailed  energy  spectrum.  The  analyzer  programs  can  also 
be  slowed  down  so  that  512  seconds  are  required  to  obtain  a  spectrum  but  the  angular 
resolution  at  a  given  energy  is  increased  to  about  one  degree  in  angular  scan  per  sample. 
Each  sample  is  accumulated  over  ~  101  msec  and  the  normal  stepping  rate  of  the  units  is 
eight  steps  per  second.  The  geometric  factors  and  approximate  angular  and  energy 
responses  for  the  analyzers  are  included  in  Table  1. 

The  potential  that  the  Aqua-dag  coated  spherical  probes  (SC2-1  and  SC2-2)  attain 

relative  to  the  spacecraft  is  measured  once  each  second.  The  sensitivity  of  the 

measurement  (common  mode  voltage  only)  covers  the  range  +  .02  to  +  700  volts.  As  will 

be  seen  the  probes  can  be  used  to  obtain  vehicle  potential  variations  with  relatively  high 

time  resolution.  The  probes  can  be  biased,  using  an  internal  supply,  to  voltages  ranging 

from  0  to  +  20  volts  or  0  to  +  450  volts  in  32  logrithmically  spaced  steps.  The  current  to 

the  SC2-1  probe  is  measured  when  it  is  being  biased.  The  electrometer  measures 
-14  -7  2 

currents  from  +  10  to  +  10  amps/cm  .  Biasing  the  probes  modifies  the  spacecraft 
plasma-sheath  fields  and  the  trajectories  of  the  particles  therein.  In  fact,  when  biased 
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Table  1 


SC2  -  Electrostatic  Analyzer  Energies 


Step 

Energy 

*  (ev/charge) 

Electrons 

Ions 

Program  1  0 

183 

150 

1 

425 

360 

2 

1060 

900 

3 

2530 

2110 

4 

4420 

3700 

5 

10600 

9000 

6 

18800 

15800 

7 

Return  to  zero 

Return  to  zero 

Program  2  0 

0.0  -  5 

0.0  -  4 

1 

88 

77 

2 

313 

260 

3 

790 

670 

4 

1900 

1590 

5 

5720 

4850 

6 

14100 

11900 

7 

Return  to  zero 

Return  to  zero 

Program  3  0 

6-13 

5-11 

1 

17  -  25 

15  -  24 

2 

43 

38 

3 

590 

500 

4 

1420 

1200 

5 

3350 

2790 

6 

7970 

6730 

7 

Return  to  zero 

Return  to  zero 

Geometric  Factor 

~  9°  x  10~4  cm2ster  ~ 

-4  2 

6.5  x  10  cm  ster 

4ft 

Angular  Response 

~  9°  x  7° 

~  16°  x  9° 

Energy  Response  AE/E  -  7% 

* 

Energies  vary  ~  5%  between  the  three  units 

i 

At  full  width  at  10%  of  maximum  response. 

AE/E  ~  8% 

Vampola  (1978)] 


positively  the  probes  draw  the  photoelectrons  from  the  spacecraft  photosheath  so  that 
they  are  no  longer  measured  by  the  low  energy  particle  detectors  on  the  spacecraft 
(DeForest,  private  communication;  1979).  When  the  probes  are  biased  negatively  the 
ambient  ions  are  accelerated  to  them  and  into  the  electrostatic  analyzers  interior  to  the 
probe.  This  allows  an  estimate  of  the  ion  density  to  be  made. 

The  energetic  proton  detector  (SC2-6)  is  a  two  element  solid  state  detector 
telescope.  The  collimator  contains  a  broom  magnet  to  eliminate  electrons  from  the 
measurement.  The  energies  measured  and  the  geometric  factor  are  shown  in  Table  2. 
Each  energy  is  measured  once  per  second.  With  the  large  geometric  factor  and  large 
dE/E  this  detector  usually  obtains  good  counting  statistics  in  a  single  sample. 

The  heavy  ion  detector  (SC2-3B)  is  also  a  two  element  solid  state  detector 

o 

telescope.  The  front  detector  is  very  thin  (~  2.4  microns)  and  small  (~  10  mm  )  so  that  it 
is  insensitive  to  energetic  electrons  and  high  energy  protons  (E  >  280  keV).  The 

XT 

telescope  is  very  well  collimated.  There  is  a  collimator  in  front  of  a  broom  magnet 
(removes  all  electrons  <1  MeV  from  particle  beam)  and  another  collimator  between  the 
magnet  and  the  detector  housing.  The  detector  housing  is  made  of  thick  brass  which 
should  stop  <  45  MeV  protons  and  <  5  MeV  electrons.  This  shielding  combined  with  the 
veto  detector  (second  detector),  the  electron  broom  magnet  and  the  very  thin  front 
detector  combine  to  give  a  very  clean  ion  measurement.  Because  of  the  small  detector 
size  and  tight  collimation  the  geometric  factor  is  small  (see  Table  3).  This  requires  that 
many  minutes  of  data  be  averaged  in  order  to  obtain  an  angular  distribution.  We  have 
not  included  any  heavy  ion  data  in  this  report  but  include  the  instrument  parameters  for 
completeness.  The  particle  energies  measured,  angular  response,  and  the  geometric 
factor  are  given  in  Table  3.  Most  of  the  channels  are  sampled  once  per  second.  The 
and  CNOj  channels  are  also  sampled  four  times  per  second  to  obtain  increased  angular 
resolution.  The  ion  detector  data  will  be  reported  when  enough  tapes  are  available  to 
obtain  good  counting  statistics. 
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Table  2 


Energy  Channels  for  Energetic  Proton  Detector  SC2-6 


Channel 


Energy*  (keV) 


* 


PIS 

14-24 

P2 

24  -  48 

P3 

48  -  94 

P4 

94  -  172 

P5 

172  -  352 

P6 

352  -  700 

P7 

700  -  3300 

P2S 

3300 

-3  2 

Geometric  Factor  ~2xl0  cm  ster 
Angular  Response  ~  9°  FWHM 

#  o 

Defined  at  half  response  points  for  -  2  C.  Channels  are  temperature  sensitive. 

* 

Efficiency  of  this  channel  is  ~  90%. 


Table  3 


Energy  Channels  for  Energetic  Heavy  Ion  Detector 


Channel 

Energy 

BP  IS 

Ep  >  125  keV 

Ea,CNO  <  390  keV 

*1 

390  <  E  <  960  keV 
a 

a2 

550  <  E  <  960  keV 
<x 

CNOj 

1.21  <  Ecnq  <  2.7  MeV 

CN°2 

1.48  <  Ecnq  <  2.7  MeV 

cno3 

1.77  <  Ecnq  <  2.7  MeV 

>C  NO 

>CNO  >  5*4  MeV 

BP2S 

|  Ep  >  390  keV 

E  >  960  keV 
a 

1  ecno  >  2'7  MeV 

2B  | 

E  >  3.8  MeV 
a 

ecno  >  9,3 

-4  2 

Geometric  Factor  ~  3.6  x  10  cm  ster 
Angular  Response  ~  4°  FWHM 
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Results  and  Discussion 


Several  observations  are  presented  below  which  give  some  idea  of  the  kinds  of 
data  that  are  available  from  the  Aerospace  SC2  instruments  on  P78-2.  These  are  not  all 
the  kinds  of  phenomena  which  have  been  observed  but  are  those  which  are,  for  the  most 
part,  unique  to  the  P78-2  set  of  observations. 

Figure  2  shows  a  sample  of  the  raw  SC2-1  and  SC2-2  probe  voltage  outputs  for 
about  two  spin  periods.  The  points  at  which  the  probes  pass  through  the  spacecraft 
shadow  are  noted  as  are  the  regions  where  the  probe  shadows  its  own  boom  and  the 
shadow  stub  casts  an  asymmetric  shadow  on  the  probe.  Since  vehicle  attitude  is  not  yet 
available  a  detailed  analysis  of  the  shadows  cannot  be  made.  The  decreases  in  probe 
voltage  are  a  result  of  changing  photo  current  at  the  booms  and  probe  or  zero  photo 
emission  from  the  probe,  during  eclipse  by  the  satellite.  The  quick  look  data  processing 
which  uses  very  simple  reduction  algorithms  provided  this  data.  The  algorithms  cause 
small  differences  between  the  probes  for  identical  relative  orientations.  Some  of  the 
differences  are  probably  real  and  are  a  result  of  the  inability  to  make  the  spheres 
exactly  identical  in  all  their  surface  properties. 

As  is  shown  in  Figure  2  the  probes  are  usually  about  0.8  to  1.0  volt  positive  with 
respect  to  the  spacecraft  when  they  are  in  sunlight  and  probe  2  (SC2-2,  see  Figure  1)  is 
rotating  out  of  the  vehicle  shadow  (perpendicular  to  the  sun  line  and  antiparallel  to  the 
orbit  normal,  i.e.  SC2-2  is  "South"  of  the  vehicle)  as  occurs  at  57880  -  57890  sec  and 
57934  -  57944  sec.  This  is  to  be  compared  to  the  periods  (57905  -  57915  sec  and  57958  - 
57968  sec)  when  probe  1  (SC2-1,  see  Figure  1)  is  rotating  out  of  the  spacecraft  shadow. 
Here  the  probe  voltages  initially  approach  the  0.8  to  1.0  volt  values  and  then  decrease 
together  towards  a  relatively  constant  value  of  -0.04  to  -0.1  volts  (see  57860  -  57866  and 


Ground  for  Abou^  Two  Spin  Periods 


57914  -  57920  in  Figure  2)  as  the  rotation  continues.  At  time  57913  sec,  for  example, 
the  line  between  SC2-1  and  SC2-2  is  perpendicular  to  the  satellite  sun  line  with  SC2-1 
south  of  the  orbit  plane.  This  orientation  is  the  mirror  image  of  the  orientation  at  57887 
sec  where  SC2-1  is  north  of  the  orbit  plane  and  the  line  between  the  probes  is 
perpendicular  to  the  sun  line.  The  probe  shadowing  is  the  same  in  both  orientations  and 
one  would  expect  the  probe  voltages  to  also  be  the  same.  The  only  thing  different  is  that 
a  different  side  of  the  cylindrical  spacecraft  is  now  sunlit. 

Examination  of  the  spacecraft  construction  (ref.  Fig.  2.3  in  Stevens  and  Vampola, 
1978)  shows  that  the  two  halves  (relative  to  the  line  between  SC2-1  and  SC2-2)  have 
different  amounts  of  exposed  conductor.  This  is  a  result  of  experiment  requirements  for 
conductors  around  apertures  and  the  need  for  good  thermal  emitters  (i.e.  dielectrics)  to 
maintain  proper  spacecraft  temperatures.  The  deployment  of  the  different  materials 
around  the  vehicle  gives  rise  to  a  larger  conductive  area  on  one  side  of  the  vehicle  than 
the  other.  When  exposed  to  the  sun  the  photoemission  from  the  larger  conductive  area 
will  drive  the  spacecraft  more  positive  than  it  was  when  the  smaller  area  was  sunlit. 

Assuming  the  probe  potentials  relative  to  the  plasma  are  the  same,  in  both 
orientations  where  the  line  between  the  probes  are  perpendicular  to  the  sun  line,  then  a 
positive  increase  in  the  spacecraft  potential  relative  to  the  plasma  will  appear  as  a 
decrease  in  the  probe  potential  relative  to  the  spacecraft.  This  assumption  leads  to  the 
conclusion  that  the  spacecraft  potential  had  increased  by  ~  1.4  volts  at  57913  and  57967 
sec.  This  result  has  been  confirmed  by  examining  the  thermal  ion  fluxes  (from  SC7)  and 
their  distribution  as  a  function  of  time.  The  thermal  ions  are  retarded  by  an  amount 
consistent  with  a  vehicle  potential  of  about  1  volt  when  the  vehicle  orientation  is  the 
same  as  when  the  probes  show  the  potential  change  (D.  Reasoner,  private  communica¬ 
tion,  1979). 
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Another  example  of  the  probe  data  is  shown  in  Figure  3.  During  the  time  this 

data  was  taken  the  spacecraft  was  being  charged  negative  by  using  the  ion  accelerator 

(SC4-2)  to  emit  ~  1.1  keV  ions  (for  a  description  of  the  accelerator  see  Stevens  and 

12 

Vampola,  1978).  Since  the  SC2-1  and  SC2-2  are  isolated  from  the  satellite  (by  >10 
ohms)  their  potential  relative  to  the  plasma  is  determined  by  photoemission,  secondary 
emission  and  plasma  current  to  the  probes.  Analysis  of  the  particle  distributions 
measured  by  the  particle  analyzers  inside  the  probes  indicates  they  are  not  charged  to 
more  than  20  volts  relative  to  the  plasma  and  we  consistent  with  a  few  volts  positive 
relative  to  the  plasma.  Thus,  the  large  positive  voltage  measured  during  the  artificial 
charging  event  means  the  satellite  is  being  charged  negatively  to  about  -350  to  -400 
volts  from  12980  -13030  sec  UT.  This  we  call  the  satellite's  potential  Vg  relative  to  the 
plasma.  These  values  of  V  are  in  agreement  with  the  particle  distributions  measured  on 
the  spacecraft  by  the  SC2-3  and  SC9  (Deforest,  private  communication)  particle 
analyzers. 

The  ion  spectra  measured  on  the  satellite  show  a  peak  in  their  energy  spectrum  at 
350  -  400  volts.  This  peak  has  been  interpreted  (DeForest,  1972)  as  resulting  from  the 
acceleration  of  the  cold  plasma  ions  to  the  negatively  charged  spacecraft.  The  ions 
arrive  with  energies  at  least  equal  to  Vg.  Thus,  all  ions  with  energies  originally  small 
compared  to  Vg  are  accelerated  to  energies  of  or  slightly  higher  than  Vg.  This  essentially 
causes  all  the  cold  ions  to  show  up  in  a  particle  analyzer  in  only  a  few  channels  i.e.,  a 
"charging  peak".  The  resultant  flux  peak  represents,  in  essence,  an  integration  of  the 
plasma  ion  fluxes  from  zero  to  V  in  energy. 

At  time  13032  sec  UT  the  ion  current  from  the  accelerator  decreased  rapidly  (G. 
Mullen,  private  communication,  1979).  The  satellite  response  was  to  become  momentari¬ 
ly  more  negative  and  then  as  the  ion  beam  current  dropped  further  towards  zero  the 
spacecraft  slowly  discharged  until  its  potential  approached  its  normal  equilibrium 
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Fig.  3.  SC2  Probe  Voltages  During  an  Artificial  Charging  Event. 

(The  •  points  are  from  SC2-1  and  the  X  points  are  from 
SC2-2.  The  annotations  point  out  specific  features.) 


potential  relative  to  the  plasma  near  13062  sec  UT.  The  ion  beam  was  restarted  at 
13068  sec  UT  and  the  spacecraft  potential  immediately  returned  to  the  same  -350  to 
-400  volts  it  had  attained  earlier.  This  temporary  increase  in  spacecraft  potential  as  the 
ion  beam  current  is  decreased  has  been  observed  several  times.  One  possible  explanation 
is  that  when  the  full  -  2  ma  of  ions  is  emitted  from  the  ion  gun  the  space  charge  effect 
causes  the  ion  beam  to  expand  in  diameter  and  to  "stall".  This  allows  much  of  the  ion 
current  to  be  returned  locally  to  the  spacecraft  frame  ground.  The  remaining  ion 
current  is  balanced  by  ambient  ions  plus  photo  and  secondary  electrons  emitted  by  the 
spacecraft.  When  the  emitted  ion  current  is  decreased  the  space  charge  in  the  beam  is 
much  reduced  and  more  beam  current  actually  gets  away  from  the  spacecraft  causing  it 
to  be  driven  more  negative.  It  has  been  found  that  under  the  proper  plasma  conditions 
that  a  300  ixamp  beam  of  ions  is  all  that  is  required  to  drive  the  vehicle  negative  to  a 
potential  equal  to  the  beam  energy  in  sunlight.  (The  above  description  of  the  ion  beam 
efficiency  for  charging  a  spacecraft  has  been  provided  by  H.  Cohen  of  the  Air  Force 
Geophysics  Laboratory,  the  principal  investigator  for  the  SC4  accelerator  system,  and 
has  been  separately  described  to  the  author  by  D.  Hall  of  The  Aerospace  Corporation; 
1979.) 

It  suffices  to  say  that  the  SC 2-1  and  SC 2-2  probes  can  and  have  provided  the 
spacecraft  potential  V  during  many  of  the  artificial  charging  events.  Unfortunately,  the 
probe  voltage  measurement  failed  during  one  such  event  on  March  31,  1979.  The  failure 
has  been  preliminarily  ascribed  to  discharges  which  simultaneously  occurred  on  the 
spacecraft.  The  actual  mechanism  of  the  failure  is  not  known  and  is  under  investigation 
at  the  present  time.  Approximately  30  artificial  charging  events  were  carried  out  and 
several  natural  charging  events  were  known  to  have  occurred  prior  to  the  failures  of  the 
probe  voltage  measuring  circuitry. 


Another  feature  of  the  SC2-1  and  SC2-2  probes  is  shown  in  Figures  4  and  5.  The 

probes  can  be  biased  to  voltages  ranging  from  0  to  ~  +  450  volts  (some  control  of  probe 

bias  remains  after  31  March  1979)  relative  to  the  spacecraft.  Figure  4  shows  crude 

energy  flux  spectra  (not  all  channels  were  available  for  the  particle  analyzers  in  the 

"quick  look"  data)  of  ions  and  electrons  as  measured  at  the  probes  (SC2-1,  SC2-2)  and  at 

the  spacecraft  (SC2-3).  The  probes  were  biased  to  ~  +  460  volts  relative  to  the 

spacecraft.  This  accelerated  electrons  to  the  probes  (as  shown  by  the  electron  curves 

labeled  by  SC2-1  and  SC2-2)  as  compared  to  the  unaccelerated  fluxes  measured  at  the 

spacecraft  (electron  curve  labeled  SC 2-3).  The  electrons  accelerated  to  the  probes  (Ee 

<  460  eV)  are  very  intense,  much  more  intense  than  the  low  energy  fluxes  observed  at 

the  spacecraft.  This  is  most  likely  a  result  of  accelerating  photoelectrons  from  the 

spacecraft  out  to  the  probes.  In  fact,  at  this  time  the  current  to  the  SC2-1  probe  was 

2 

-80  pamps  (or  ~  -80  x  10  amps/cm  ).  There  were  little  or  no  ions  below  2  keV  in 
energy.  The  few  counts  (the  ion  flux  of  50  corresponds  to  ~  5  counts/sample  in  Figures  4 
and  5)  observed  at  low  ion  energies  are  consistent  with  background  plus  a  slight  response 
of  the  ion  channels  to  electrons  (response  is  <  10-4  ion  counts  per  electron).  Thus,  little 
effect  is  observed  in  the  ions. 

Figure  5  shows  the  effect  observed  when  the  probes  are  biased  negatively  to  about 
-430  volts.  The  ambient  ions  are  accelerated  to  the  probes  and  are  observed  as  a  peak  in 
the  SC2-1  and  SC2-2  ion  spectra  at  ~  430  volts  with  an  intensity  from  55  to  -  140  times 
that  observed  at  the  spacecraft  by  SC2-3  at  the  same  energy.  Note  also  that  the 
electron  fluxes  below  500  eV  are  much  depressed  relative  to  those  observed  at  the 
spacecraft.  This  indicates  that  the  low  energy  ambient  electrons  plus  the  photo 
electrons  from  the  probes  have  been  repelled  by  them.  An  integration  over  the  ion 
spikes  from  the  probes  can  be  used  to  give  an  estimate  of  the  ambient  cold-ion  density. 
We  have  not  done  so  for  this  case  because  data  from  all  instrument  energy  channels  are 
not  yet  available  to  us. 
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Figure  6a  shows  another  example  of  particle  acceleration  by  a  charged  body  in  the 
plasma.  Two  sets  of  ion  and  electron  differential  energy  flux  spectra,  from  the  SC2-3  on 
the  spacecraft,  are  shown.  The  •  points  show  the  ambient  particle  spectra  observed 
prior  to  artificial  charging  of  the  spacecraft.  The  o  points  are  the  spectra  observed 
after  the  spacecraft  has  been  charged  to  Vg  ~  -430  volts  by  emission  of  ions  from  SC2-4. 
The  ambient  cold-ions  are  accelerated  to  the  spacecraft  and  show  up  as  a  "charging 
spike"  in  the  ion  spectrum  with  a  peak  at  an  energy  equal  to  V  .  The  electron  fluxes 
are  noticeably  depressed  over  a  wide  range  of  energies.  Figure  6b  shows  the  same  data 
in  spectrogram  format. 

If  one  integrates  over  the  "charging  spike"  in  the  ions  then  one  obtains  an 

O 

estimate  of  1.4  cm  for  the  cold  ion  density.  (When  the  SC9  [San  Diego  particle 
spectrometer,  S.  DeForest  principal  investigator]  data  becomes  available  it  can  indepen¬ 
dently  estimate  the  cold  plasma  density  with  somewhat  greater  precision.)  The  number 
obtained  is  reasonable  for  the  region  of  space  in  question  (Altitude  ~  31840  km  local  time 
~  1.6  hr,  L  ~  6.4). 

We  have,  for  completeness,  added  the  energetic  proton  data  from  the  SC2-6 
telescope  to  Figure  6.  The  fluxes  have  been  plotted  on  an  absolute  basis  using  the 
geometric  factor  in  Table  2.  The  SC2-6  data  are  the  points  with  the  horizontal  bars. 
The  bars  denote  the  width  of  each  channel  in  energy.  The  point  is  plotted  at  the  central 
energy.  There  is  very  good  agreement  between  the  electrostatic  analyzer  points  and 
those  from  the  energetic  proton  detector.  Thus,  between  these  two  instruments  we  can 
characterize  the  ion  distribution  from  ~  20  ev  to  ~  3.3  MeV. 

Figure  7  shows  another  observation  during  an  artificial  charging  event.  The 
spacecraft  was  charged  to  ~  +500  volts  by  using  the  onboard  electron  accelerator  (SC4-1, 
H.  Cohen  principal  investigator).  The  SC  2-1  spherical  probe  was  grounded  to  the 
spacecraft  frame  and  thus  is  also  at  +500  volts  relative  to  the  plasma.  The  electron 
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Fig.  6a.  Electron  and  Ion  Energy  Flux  Spectra  at  Spacecraft  Both 
Before  and  During  an  Artificial  Charging  Event  (Space 
craft  was  charged  to  ~-430  volts  relative  to  the  plasma. 
The  points  with  bars  are  from  the  energetic  ion  detector.) 
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Fig.  7.  Electron  Energy  Flux  Spectrum  at  SC2-1  Probe  and  at  Space 
craft  During  an  Artificial  Charging  Event  (The  spacecraft 
was  charged  to  ~500  volts  at  a  time) 
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accelerator  is  relatively  close  to  the  SC  2-3  particle  analyzer,  in  the  center  band  of  the 
spacecraft,  and  pointed  away  from  the  SC2-1  probe.  The  SC2-3  analyzer  is  in  the 
conductive  center  band  but  within  about  25-30  cm  from  an  insulated  portion  of  the 
centerband  and  about  18  cm  from  the  solar  arrays  which  have  nonconducting  surfaces 
(ref.  Fig.  1). 

One  would  expect  to  see  the  ambient  electrons  accelerated  to  the  spacecraft  and 
probe.  This  is  indeed  observed  as  is  evidenced  by  the  peak  in  the  observed  electron 
spectra  near  the  beam  energy  (not  all  energy  channels  are  available  yet  for  these  data). 
Note  that  the  flux  to  the  analyzer  on  the  spacecraft  is  about  a  factor  of  8-10  higher  than 
that  observed  by  the  boom  mounted  experiment.  The  spectral  shapes  and  particle  flux 
are  essentially  independent  of  pitch  angle  a.  A  very  preliminary  analysis  by  the  SC 5  and 
SC9  experiments  showed  that  their  measured  fluxes  are  more  consistant  with  those  of 
SC2-1  (D.  Hardy  and  S.  DeForest,  private  communication;  1979).  If  this  is  true  then  the 
higher  SC2-3  fluxes  may  represent  a  partial  return  of  the  electron  beam  to  the 
conductive  regions  near  SC2-3.  It  may  also  mean  that  the  existence  of  the  insulators 
close  to  SC2-3  sets  up  electric  fields  which  focus  the  ambient  electron  currents  to  the 
center  band  in  such  a  way  that  the  returning  flux  is  higher  at  SC2-3  than  it  is  near  the 
other  instruments.  A  detailed  analysis  of  these  effects  must  wait  until  the  data  tapes 
are  available  for  processing  so  that  all  experimental  data  can  be  brought  to  bear. 

Figure  8  shows  some  ver™  interesting  angular  distributions  obtained  by  averaging 
data  from  five  spin  periods  into  18  angular  bins.  The  low  energy  ions  are  seen  to  peak 
along  the  magnetic  field  in  both  («  ~  15°,  a  ~  165°)  directions  while  the  more  energetic 
ions  range  from  isotropic  to  peaked  perpendicular  (a  ~  90°)  to  the  field.  These  are  some 
of  the  first  if  not  the  first  observations  (Geos  I  may  have  observed  similar  distributions 
but  they  are  not  yet  in  the  published  literature)  of  field  aligned  ions  which  are  flowing 
both  towards  and  away  from  the  equator.  The  angular  distribution  of  the  ions  along  B  is 
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broad  (i.e.,  ~  20°  -  50°  wide)  at  the  half  intensity  point.  Field  aligned  ions  have  been 
observed  on  these  magnetic  flux  tubes  (L  ~  7  in  dipole  field  model)  by  low  altitude 
satellites  such  as  S3-3  (Ghillmetti  et.  al.,  1978;  Mizera  and  Fennell,  1977;  Shelley  et.  al., 
1976)  in  similar  energy  ranges  but  more  usually  tightly  collimated.  One  would  expect 
that  if  these  are  the  ions  from  such  a  low  altitude  source  that  they  would  be  much  more 
highly  collimated.  If  they  are  from  a  low  altitude  source  then  they  have  been  pitch  angle 
scattered  as  they  moved  up  the  field  line  toward  the  equator.  Otherwise  they  were 
generated  relatively  high  up  and  accelerated  along  the  field  line  or  represent  a  fresh 
injection.  In  any  case,  more  analysis  is  required  to  ascertain  their  source  and  that  is 
outside  the  scope  of  this  report. 

We  have  presented  a  brief  survey  of  results  from  the  P78-2  satellite.  These  are 
only  a  very  small  number  of  isolated  measurements  but  they  do  hint  at  the  kinds  of  data 
that  will  be  available  from  this  very  exciting  mission. 
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LABORATORY  OPERATIONS 

The  Laboratory  Operations  of  The  Aerospace  Corporation  is  conducting 
experimental  and  theoretical  investigations  necessary  for  the  evaluation  and 
application  of  scientific  advances  to  new  military  concepts  and  systems.  Ver¬ 
satility  and  flexibility  have  been  developed  to  a  high  degree  by  the  laboratory 
personnel  in  dealing  with  the  many  problems  encountered  in  the  nation's  rapidly 
developing  space  and  missile  systems.  Expertise  in  the  latest  scientific  devel¬ 
opments  is  vital  to  the  accomplishment  of  tasks  related  to  these  problems.  The 
laboratories  that  contribute  to  this  research  are: 

Aerophysics  Laboratory:  Launch  and  reentry  aerodynamics,  heat  trans¬ 
fer,  reentry  physics,  chemical  kinetics,  structural  mechanics,  flight  dynamics, 
atmospheric  pollution,  and  high-power  gas  lasers. 

Chemistry  and  Physics  Laboratory:  Atmospheric  reactions  and  atmos¬ 
pheric  optics,  chemical  reactions  in  polluted  atmospheres,  chemical  reactions 
of  excited  species  in  rocket  plumes,  chemical  thermodynamics,  plasma  and 
laser-induced  reactions,  laser  chemistry,  propulsion  chemistry,  space  vacuum 
and  radiation  effects  on  materials,  lubrication  and  surface  phenomena,  photo¬ 
sensitive  materials  and  sensors,  high  precision  laser  ranging,  and  the  appli¬ 
cation  of  physics  and  chemistry  to  problems  of  law  enforcement  and  biomedicine. 

Electronics  Research  Laboratory:  Electromagnetic  theory,  devices,  and 
propagation  phenomena,  including  plasma  electromagnetics,  quantum  electronics, 
lasers,  and  electro-optics;  communication  sciences,  applied  electronics,  semi¬ 
conducting,  superconducting,  and  crystal  device  physics,  optical  and  acoustical 
imaging;  atmospheric  pollution;  millimeter  wave  and  far-infrared  technology. 

Materials  Sciences  Laboratory:  Development  of  new  materials;  metal 
matrix  composites  and  new  forms  of  carbon;  test  and  evaluation  of  graphite 
and  ceramics  in  reentry;  spacecraft  materials  and  electronic  components  in 
nuclear  weapons  environment;  application  of  fracture  mechanics  to  stress  cor¬ 
rosion  and  fatigue -induced  fractures  in  structural  metals. 

Space  Sciences  Laboratory;  Atmospheric  and  ionospheric  physics,  radia¬ 
tion  from  the  atmosphere,  density  and  composition  of  the  atmosphere,  aurorae 
and  airglow;  magnetospheric  physics,  cosmic  rays,  generation  and  propagation 
of  plasma  waves  in  the  magnetosphere;  solar  physics,  studies  of  solar  magnetic 
fields;  space  astronomy,  x-ray  astronomy;  the  effects  of  nuclear  explosions, 
magnetic  storms,  and  solar  activity  on  the  earth’s  atmosphere,  ionosphere,  and 
magnetosphere;  the  effects  of  optical,  electromagnetic,  and  particulate  radia¬ 
tions  in  space  on  space  systems. 
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